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POSTMORTEM CHANGES IN GLYCOGEN CONTENT OF HUMAN
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During an investigation of the polysaceharide
content of the eeerine sweat glands in various
regions of the body taken from the human
neeropsy material, it was noticed that the glyeo-
gen in the glands of the palms and soles was
usually much better preserved than in those from
other regions of the body (abdomen, axilla and
scalp). The present study demonstrates the slow
rate of glycogen loss from the ecerine sweat glands
in palms and soles in contrast to its fast dis-
appearance from the glands of the general body
surface, as represented by those of the abdominal
skin. The pattern of glycogen loss from the ee-
erine sweat apparatus is also described.
Ideally, it would be advantageous to do long-
term investigations on specimens removed from
the same body at intervals starting from soon
after death and continuing until all glycogen
had disappeared. But, because of the difficulty of
obtaining specimens repeatedly from the same
cadaver, it was necessary to take specimens at
random from different cadavers at various inter-
vals after death.
MAThRIALS AND METHODS
Skin specimens were taken from 55 Chinese
cadavers of both sexes and of various ages from
one to 84 years, and were collected at all seasons
of the year. The time interval between death and
the fixation of the specimens was recorded. Of the
55 bodies, skin was taken from all three regions
(abdomen, palm and sole) in 18; from two regions(abdomen and palm or sole) in 29; and from
abdomen only in 8. The abdominal skin was
removed from an area slightly to the left of the
median plane, midway between the umbilicus and
pubic symphysis; the palmar skin from the hypo-
thenar eminence, and the plantar skin from the
lateral side of the arch of the foot. Eight surgical
skin specimens, consisting of 6 abdominal, one
palmar and one plantar, were collected to compare
with the postmortem ones.
The specimens were fixed in either Holly's
fluid or 10% corrosive formol, and embedded in
paraffin. Sections wore out at 5 microns. Glyoogen
content was demonstrated by MoManus' (PAS)
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technic (6). Alternate control sections wore
incubated for 30 minutes in a 50% solution of
saliva in distilled water at room temperature.
OBSERVATIONS
I. Secretory Coils of the Eccrine Sweat Glands
In the 8 surgical spocimons from the abdomen,
palm or sole, a groat amount of glyeogon was
constantly found in the secretory coils (fig. 2),
as has been reported by other authors (1, 7—9).
In the postmortem specimens, the glycogen con-
tent of the secretory coils varied greatly. The
relative amounts of glyeogen wore estimated as:
(1) small +, (2) moderate + + and (3) large
+ + +. The estimates of glycogon quantity found
in the ecerino glands at various time intervals
after death are shown in fig. 1.
In the 55 postmortem abdominal skin speci-
mens, glycogen was found only in those removed
soon after death. Nine abdominal specimens were
obtained from the bodies within two hours (}4
to 13 hours) of death, and all were found to con-
tain glycogon, although the amounts varied con-
siderably. Of the 11 abdominal skin specimens
removed between 2 and 5 hours after death, S
were glyeogen positive and 6 negative. The re-
maining abdominal specimens, removed more
than 5 hours (6 to 52 hours) after death, were all
found to be glyeogen free (fig. 1A). Those findings
show that glyeogon starts to disappear from the
abdominal sweat glands within 2 to 5 hours after
death. In analyzing the 11 specimens of the time
range between 2 to 5 hours after death, considera-
tion was given to various factors such as seasonal
conditions, ago and sex which might possibly
influence the rate of disintegration of glycogen
in the sweat glands; however, none of these ap-
peared to have any significant relationship.
In the skin of the palms and soles, the glycogen
in the sweat coils was found to last for much
longer periods after death, as shown in fig. 1 B
and 1 C. In the 36 specimens of palmar skin, the
earliest disappearance of glycogen from the
secretory coils was 14 hours after death; in the
28 plantar skins, the earliest was 17 hours. For
the specimens removed later than those critical
hours, of the 25 palmar specimens (14 to 52 hours
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FIG. 1. Glycogen content of the eccrine secretory coils at various time-intervals after death. Each
point represents one specimen. The glycogen content is recorded by subjective estimation as + (small
amount),++ (moderate amount) and +++ (large amount). A. Abdomen, B. Palm, C. Sole.
after death) oniy 10 were glycogen negative
(41%); of the 18 plantar specimens (17 to 52
hours after death) only 5 were glycogen free
(28%). Thus the majority still contained variable
amounts of glycogen. Fig. 1 B and 1 C indicate
that the higher contents of glycogen (+ + and
+ + +) were more frequently found in the earlier
specimens and the lower glycogen contents (+)
or its total absence were found more often in the
late specimens. In those cases where specimens of
both palm and sole were studied from the same
body, no definite relationship was observed
between them in respect of the amount of glyco-
gen present in the secretory coils.
When a hair follicle happened to be sectioned
through its middle portion, as occurred occa-
sionally in abdominal skin, in spite of the quick
disappearance of glycogen from the sweat glands,
the hair follicle showed the presence of abundant
glycogen in the outer root sheath even in speci-
mens removed long after death.
II. Ducts of the Eccrine Sweat Glands
In the surgical specimens, glycogen was found
in the dermal sweat duets of all three regions
studied. The glycogen was primarily localized in
the basal cells, but some was also found in the
lurninal cells (fig. 2), as shown by previous in-
vestigators (5, 7—9). No difference in glycogen
distribution was detected between the coiled
and undulating parts of the dermal sweat ducts.
In the epidermis of the 8 surgically removed
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specimens of skin, two abdominal and one plantar
specimens showed some glycogen in the cells of
the stratum spinosum, which agrees with the ob-
servations of Lobitz and Holyoke (4). Glycogen
in the epidermal cells occurred oniy in patches,
which seemed to have no relation to the spirals
of the epidermal sweat ducts. The glycogen in
the cell-lining of the dermal sweat duct stops a
short distance below its junction to the epidermis
(fig. 4).
The glycogen content of the dermal sweat ducts
disappeared very rapidly in the postmortem
specimens. In the abdominal skin only the three
very early specimens () to hour after death)
showed some glycogen in the dermal sweat ducts.
In the palmar and plantar skin, glycogen in the
sweat ducts lasted slightly longer, being retained
until one to 1 3 hours after death.
The glycogen disappeared more readily from
the coiled than from the undulating parts of the
duct; only in a very few places in the above men-
tioned early specimens, was glycogen found in the
deeply placed coiled portions (figs. 3 and 5).
DISCUSSION
The glycogen content of the body tissues can
be preserved fairly well after death. Kulz (2)
found a considerable amount of glycogen in the
unfixed livers of various animals, which had been
kept at room temperature for as long as 8 days
after death. Vallance Owen (11) reported that
there is no appreciable loss of glycogen from the
rabbit liver after storage in the ice chest for up
to 48 hours, and that two hours in room air
before fixation caused only slight loss of glycogen
during a spell of hot summer weather, while no
apparent loss took place in colder weather.
Skin is the most exposed tissue in the body.
Nevertheless, the glycogen content of its various
appendages behaves differently after the death
of the individual. In the present study, the outer
root sheath of the hair follicles was found to
contain an abundant supply of glycogen even in a
specimen removed 52 hours after death; but that
of the eccrine sweat glands was found to dis-
appear in a much shorter time.
Glycogen seems to be an unstable constituent
in the eccrine sweat gland. Shelly and Mescon
(10) used 8 different methods to study changes of
the eccrine glands before and after thermal
sweating and found that glycogen was the only
constituent to be distinctly reduced after 15
minutes of profuse sweating and that it essentially
disappeared after 30 to 60 minutes of active
sweating. All the other 7 items studied remained
unchanged. Shelly was unable to demonstrate
any glycogen in the sweat ducts. Lobitz et al. (5)
studied changes in sweat ducts responding to
sweating. They found that: (a) severe sweating
removed glycogen from the cell lining of the
sweat ducts; (b) glycogen disappeared much
faster in the sweat ducts than in the secretory
coils during sweating; (c) glycogen depletion
occurred first in the coiled segments of the duet,
later in the undulating segments. In the present
investigation of postmortem material, the se-
quence of glycogen disappearance from the
different portions of the ecerine sweat apparatus
follows the same course as in thermal sweating.
It is suggestive that some processes of a similar
nature underlie the glycogen removal in both
postmortem change and functional activity. The
faster disappearance of glycogen from the sweat
ducts could be due simply to its presence in
smaller quantity in the ducts than in the glands,
rather than to any specific functional differences.
Kuno (3) considered the eccrine sweat glands
of the palm and sole to be different from those of
the other regions of the body because: (a) in the
lower mammals eccrine sweat glands are found
only in the foot-pads; therefore, as their
homologues, human palmar and plantar sweat
glands are evolutionarily more primitive; (b)
during development of the human embryo, the
palmer and plantar sweat glands are the first to
appear—initial ingrowths visible in the 16th
fetal week, while those of the general body surface
appear in the 22nd week or later; (c) activity of
the sweat glands of palms and soles is aroused by
emotion, mental stress or sensory stimulations
(mental sweating), while the general body surface
responds to a rise in temperature (thermal sweat-
ing). Kuno suggested the presence of two sets of
sweat centers, the sweat glands of palm and sole
governed by one center, those of the general body
surface by the other. The present paper reveals
a much slower rate in postmortem glycogen de-
pletion in the sweat glands of palm and sole than
in those of the abdomen. This might be due to
some special characteristic of the palmar and
plantar sweat glands, or simply to the thicker
coating of keratin in the epidermis of these
regions. However, since the disappearance of
glycogen from the dermal sweat ducts occurs
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earlier in the more deeply placed coiled segments
than in the more superficially located undulating
portions, the thickness of the surface covering
tissues may not be an important factor in glycogen
retention.
The time since death of the individual is shown
to he a very important factor in determining the
glycogen content of the cccrine sweat apparatus
of human skin; nevertheless, the glycogen con-
tent of the sweat glands is clearly an unreliable
index of the interval since death. Although there
are individual differences, in the present series of
specimens, the glycogen content of the sweat
glands does not seem to be related to sex, age or
season of the year. Certain other factors, such as
the causes of death and the conditions in which
the body had been kept since death before fixa-
tion of the specimens, can not be easily evaluated.
SUMMAEY
1. Glycogen in the ecerine sweat apparatus dis-
integrates very rapidly after death.
2. After death, glycogen disappears first from
the dermal sweat ducts, and later from the
secretory coils. The coiled parts of the duct lose
their glycogen earlier than the undulating
segments.
3. The secretory coils of the eccrine sweat
glands in the skin of palm and sole retain their
glycogen content for a much longer period after
death than those of the general body surface, as
represented by the abdominal skin.
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PLATE I
Explanation of Figures
Preparations in this plate were all stained by McManus (PAS) technic and counter-stained with
hematoxylin.
FIG. 2. Surgically removed abdominal skin, showing large amount of glycogen in both the secretory
coils and the dermal sweat ducts. From a 47-year-old female. X 455.
FIG. 3. Skin of palm removed 24 hours after death, showing that glycogen has disappeared from the
sweat ducts, but well retained in the secretory coils. From a 11-year-old female. X 410.
Fin. 4. Surgically removed abdominal skin, showing junction of dermal to epidermal portion of a
sweat duct. (A) Level of the junction, where melanin granules disappear from the basal cells. (B) Level
of the upper limit of glycogen in the dermal sweat duct lining. From a 35-year-old female. X 364.
Fin. 5. Abdominal skin removed 3/ hour after death, showing (A) Glycogen present in the undulating
portion of the dermal sweat duets. (B) Small amount of glycogen in the secretory coils. (C) Clycogen
absent from the coiled portion of dermal sweat ducts. (D) Glycogen in the midportion of the hair follicle.
From a 7-year-old male. X 91.
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